have been undertaken to define risks for many transport activities. [2, 3] However, erring on the side of caution is essential and prudent, even when transporting substances known not to harbor hazardous organisms, as many other organisms untested for, or hitherto unknown to humankind, may be present and spread in naïve populations.
In Pakistan, international regulatory requirements for air cargo operations are implemented by the Civil Aviation Authority (CAA), [4] and a "no objection certificate" issued by the CAA is required for the transportation of dangerous goods. To ensure safe export of human biological materials, the National Bioethics Committee (NBC) [5] of Pakistan issued "ethical guidelines for collection, usage, storage, and export of human biological materials (HBM)" on June 18, 2016, and the government has decided that Pakistani customs department should take prior approval before sending any human biological samples for research purpose from the NBC effective from May 10, 2017. Despite existence of these guidelines for safe transportation of infectious agents and with ever-growing need of sending samples within and outside Pakistan to reference laboratories, awareness and initiatives regarding training on safe packaging and shipment are not a formal part of taught curricula, and informal workshops and trainings are not commonly conducted. In an effort to bridge this gap and address this important issue, we conducted two IATA packaging and shipment training workshops for laboratory personnel in April 2016 in Karachi, Pakistan.
The aim of our study was to inform the current status of knowledge regarding IATA guidelines among laboratory personnel and to demonstrate the value of workshops and hands-on training in acquiring new knowledge in this important and emerging field of biomedical science.
mEthods
Two full-day workshops were organized in Karachi, Pakistan, sponsored by the Fogarty Global Infectious Disease Research Training Program, National Institute of Health in April 2016 in Karachi, Pakistan. Participant selection was based on nominations requested from all the leading biomedical institutes and laboratories functional in Karachi. Workshops were focused on creating general awareness regarding guidelines for safe transportation of dangerous goods regulated by international organizations. A panel of highly trained experts who were well versed and actively involved in transportation of dangerous goods took part in the discussions and training and facilitated the audience in understanding the United Nations (UN) classification of dangerous goods and proper labeling of UN codes and symbols for documentation requirements. Since all the participants were affiliated with medical, biological, and veterinary laboratories from Karachi, the workshop content especially focused on shipment of Categories A and B infectious substances. Hands-on training exercises and scenario-based group activities were designed to enhance understanding and application. Training included mock sessions for preparation and packaging of samples for transportation. A simple, 10-item questionnaire was developed to assess the knowledge of the IATA guidelines among participants [Supplementary File 1], with one point awarded for each correct answer and a maximum possible score of 10 (100%). The same questionnaire was administered before (pretest) and after (posttest) the workshop to assess for the effectiveness of learning among participants.
Data on pre-and posttest questionnaire scores were entered in MS Excel, to calculate learning gains (LGs) (posttest scores-pretest scores) as well as normalized LG (NLGs) (LG/100% -pretest scores). [6, 7] All the participants attended the same training, with the same instructors, and spent a similar amount of time receiving the training; we, therefore, considered participants' homogeneous and analyzed results of the two separate workshops together.
LG was calculated for each participant and was also converted to NLG to adjust for pretest knowledge level. The maximum attainable NLG was 1.0, indicating maximum gain of knowledge and, therefore, maximum learning effectiveness. A mean NLG was calculated for all the participants. Ethical integrity was preserved by anonymizing data from participants.
rEsults
Two workshops were conducted in April 2016 in Karachi, Pakistan. These workshops were attended by 36 participants from medical, clinical, and veterinary laboratories. Female-to-male ratio of the participants was 0.75. All the participants had a master's degree in one of the biological sciences. More than 90% of the participants felt that the workshops were well organized and addressed all aspects of shipping of infectious agents in great detail.
Pretest scores of the participants were an average of 38.1 ± 19.8%. Posttest scores averaged 85.5 ± 13.6%. The mean NLG for the 36 participants was 0.7 ± 0.3, indicating effective learning. Figure 1 shows the percentage of the participants with NLG scores, indicating the highest number of participants with NLG between 0.6 and 0.9. 
dIscussIon
Our results provide useful insight into two important aspects of the status of biosecurity practices in Pakistan's biomedical laboratories. First, our evaluations reveal the poor status of knowledge regarding IATA shipping and packaging guidelines among biomedical laboratory workers in Karachi, Pakistan. Second, we have shown that practical 1-day hands-on workshops increase such knowledge among biomedical scientists and their learning is independent of any preexisting knowledge.
The necessity of safe transport of infectious substances was identified in 1953 when the International Civil Aviation Organization (ICAO), a subsidiary of UN economic and social council, proposed guidelines for safe transportation of dangerous goods by air. The IATA integrated the ICAO guidelines with further restrictions and published comprehensive recommendations as the DGR. [8] These guidelines are applicable to transport of biohazardous substances on all international and national flights. The IATA guidelines further recommend formal training and certification for all shippers and handlers with recertification every 2 years. Dangerous goods are classified into different categories by the UN Committee [9] and assigned proper shipping names and UN numbers for identification. Infectious substances are classified as Category 6.2 and further divided into Categories A and B. Infectious materials comprising or harboring potential biological agents that can cause life-threatening illness in humans and animals are classified in Category A. Other infectious substances are all categorized under Category B. [10] After identification and classification, the important steps in transportation of infectious agents include packaging, labeling, and documentation; [11] infectious materials should be transported in packaging in compliance with the UN packaging instructions. Briefly, all infectious substances should be shipped in a "triple packing container" which is commercially available and has been tested through standardized tests including 9-m drop, puncture, stacking, and pressure tests. [10] Marking and labeling is of prime importance and must include information of categorization, technical information, and addresses of the shipper and the consignee.
Shipment and transportation of biohazardous materials is increasing globally, as well as within Pakistan. As new infectious outbreaks are anticipated and recognized and the need for reference-level confirmations increases, it is becoming essential for laboratory personnel everywhere to be able to transport such material safely. We conducted these training recognizing the need for biological substance shipment to reference-level laboratories within and outside Pakistan.
However, very few biosecurity-focused teaching and learning activities have been held in the past with no published reports. Our results are a key indicator of the need for such training activities within the country. Not only are initial training and certification essential components of medical laboratory training, but also refresher trainings have been emphasized. According to the instructions by ICAO, it is mandatory to have refresher training every 2 years.
Our study has limitations. The workshops were conducted in only one city of Pakistan, and therefore, data generated are not representative of other provinces (which are autonomous in their health system and laboratory regulations). Moreover, we only conducted the posttest evaluation once and immediately after the workshop, and therefore, long-term retention of knowledge cannot be evaluated.
conclusIons
As globalization is increasing and aiding the world in countless ways, biosciences have also made remarkable progress. Global access to information, biomaterials, and technologies unfortunately also poses a threat in terms of biological terrorism and global outbreaks of diseases. This can only be mitigated by enhancing biosafety and biosecurity in facilities around the world. Safe transportation of infectious agents is one of the most important aspects in this context. Our results highlight the imminent need for training biomedical laboratory staff in safe transport guidelines and protocols and also demonstrate the utility and effectiveness of practical workshops as an impactful learning strategy.
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